Abstract. Node localization is an important supporting technique in wireless sensor networks (WSNs). The traditional maximum likelihood estimation localization method (MLE) assumes that measurement errors are independent of the distance between anchor node and target node. However, the assumption may contradict with the physical characteristic of some existing measurement techniques, such as the widely-used received signal strength indicator. To address this issue, we propose a distance-based MLE considering the dependence of measurement errors on the distance. The proposed distance-based MLE is formulated as a complicated nonlinear optimization problem. An exact solution method is presented based on first order optimal conditional and to improve the search efficiency, a two-dimensional search method is also given. Simulation experiments are performed to demonstrate the effectiveness of this localization. The simulation results show that the distance-based localization method has better localization accuracy compared with other range-based localization methods
Introduction
In WSNs, the anchor node has its own localization function and can obtain its location by itself. Unknown nodes access their location information with the help of the anchor node [1] . Specifically, an unknown node needs to calculate its location information through communication with the anchor nodes based on some localization techniques. Note that there are some applications that the unknown node may not rely on the anchor nodes for coarse localization [2] .
Localization methods can be divided into range-based and range-free method [3] . Range-based location method measures the absolute distance or azimuth information between the anchor node and unknown node, and then calculates the unknown nodes location [4] . Range-free localization method does not need to measure the absolute distance or azimuth information. It estimates the distance between nodes based on the inter-node connectivity, the plurality of routing information exchange, and the overlapping areas [5] . Although the range-free location method has lower requirements for hardware and power consumption, its localization accuracy is lower than the range-based method [6] . Thus in this paper, we focus on the range-based method.
Range-based localization method has relatively higher localization accuracy. It uses one or several distance measurement technologies to estimate the localization of the unknown node [7] . The existing techniques of distance measurement includes the received signal strength indicator (RSSI)time of arrival (TOA) time difference of arrival (TDOA) and angle of arrival (AOA).
Based on the RSSI, the traditional maximum likelihood estimation localization method (MLE) assumes that measurement errors are independent of the distance between anchor node and the unknown target node, and calculate the positon of the unknown target node by solving a convex optimization problem. However, the assumption may contradict with the physical characteristic of RSSI. To address this issue, we propose a distance-based MLE considering the dependence of measurement errors on the distance. The proposed distance-based MLE is formulated as a complicated nonlinear optimization problem. To solve the resulted optimization problem, two solution methods have been proposed. The first one is based on the first order optimal condition and the second is based on a two-dimensional search. Simulation experiments are performed to demonstrate the effectiveness of this localization. The simulation results show that the distance-based localization method has better localization accuracy compared with other range-based localization methods.
2.Distance-based maximum likelihood estimation
MLE method has improved the accuracy of the range-based localization in a certain extent; however, it does not consider the effect of measurement distances on the measurement errors. To address this issue, this paper proposes an improved distance-based maximum likelihood estimation (DB-MLE) localization method which considers the dependence of measurement errors on the distance.
Specifically, DB-MLE assume that the measurement error will increase as the distance between the anchor node and the unknown node increases. According to this assumption, this method introduces the concept of the measurement error factor which weighs the importance of different measurement values. By introducing this concept, DB-MLE can reduce the effect of the measurement error on localization results, and further improve the localization accuracy.
Assumptions and model
For a given anchor node ( , ) The measurement distance is proportional to the true distance, satisfying the following equation:
( ) 
First order optimality method
Note that solve DR-MLE is equivalent to minimize the following objective function: ( ) ( 
3.The simulation results
In this section，using the Matlab simulation platform, we do some simulation experiments and the performance comparison on the three different location methods described in this paper, RB-MML , MLE and DB-MLE.
In the simulation experiments, we select the common-used trilateration, i.e. N=3.throngnt the results of the experiments, analyze the localization accuracy and the localization error of the three methods, and discuss the influence of different communication radius and different ranging error parameters for the average localization error, the localization precision and other performance of the methods.
Using DR-MLE localization method, MLE localization method and conventional rang-based localization method to calculate the node location, through the simulation experiments, we get the curve diagram of the change of the location error according to the variation of . As shown in Figure 1 .In the diagram the abscissa values is , the ordinate values is Relative localization error. From the graph it is easy to see that the three location methods with the increase of the ranging error parameters, the localization error was increasing.
But, in general, location error of the DR-MLE localization method are smaller than the other two kinds of methods. That is to say, this method exactly improve the location precision, and have a better localization effect in the location problem influenced by the distance factor more obviously. In this paper, we propose a distance-based maximum likelihood localization estimation method for node localization in WSNs. Unlike the traditional range-based multilateral measurement localization method, which does not consider the effect of measurement errors, and the classical maximum likelihood estimation method, which suppose the measurement errors are independent of the measurement distances, the proposed DB-MLE considers the dependence of the measurement errors on the measure distances. Such assumptions are more suitable for practical distance measurement techniques, such as RSSI.
The optimization resulted from DB-MLE is a complex non-convex optimization problem. To solve it, we propose two solution methods based on the first order optimality condition and the two-dimensional search. We evaluate the performance of this proposed method through simulation experiment, and compare it with two existing localization methods. Simulation results show that DB-MLE provides higher localization accuracy compared with other methods.
